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(57) Abstract • 

A piezoelectric transformer (101) comprising a stack (15) including alternate inner electrodes (13) and pieibelectric ceramic' layers 
(103), first electrodes (21, 23) provided on side faces of the stack (15) and connected to the inner electrodes (13), at least one pair of second 
electrodes (27, 29, 31, 33, 35, 37) provided opposedly on other parts of the side faces where the first electrodes (21, 23) are provided and 
given the same potential, and a circuit board having a circuit for driving the piezoelectric transformer (101), wherein the piezoelectric 
transformer (101) is mounted on the circuit board, and the second electrodes (27, 29, 31, 33, 35, 37) are electrically connected to the circuit 
board. 
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DESCRIPTION 



PIEZOELECTRIC TRANSFORMER 
Technical Field 

The present invention relates to a piezoelectric 
transformer. 

Background Art 

As is known in the art, the piezoelectric 
transformer uses a piezoelectric vibrator • The 
piezoelectric vibrator has at least one pair of drive 
electrodes formed on and/or in a piezoelectric-ceramic 
plate. When an AC voltage is applied to the pair of 
drive electrodes, the plate vibrates due to the 
piezoelectric effect with a resonant mode such as a 
single wavelength resonant mode. When the plate is 
vibrating, variation of voltage potential is generated at 
any position of the plate. The variable voltage 
potential can be taken out from an output electrode 
formed on the position. A pair of output electrodes can 
be formed at different positions on the plate. Thus, the 
AC voltage applied to the drive electrodes as primary 
electrodes is transformed and is obtained at the output 
electrodes as secondary electrodes. 
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Since It is important for the piezoelectric 
transformer that the piezoelectric plate vibrates, it ±, 
a serious problem to support the transformer without 
suppression of the vibration. A waveform of the 
vibration has vibration nodes and antinodes. Therefore, 
the transformer is supported at positions corresponding 
to the vibration nodes . 

On the other hand, leads are required to apply 
the input voltage to the primary electrodes and take out 
the transformed voltage from the secondary electrodes. 
Usually, lead wires are connected to the primary 
electrodes and the secondary electrodes. However, the 
lead connection points are not always at positions 
corresponding to the vibration nodes. The lead wires 
should be free without tension so as to interfere the 
vibration of the piezoelectric plate. The lead wires are 
troublesome for assembling, maintenance and other deal of 
an electrical circuit device, especially, a small-sized 
device. 

Further, the primary and secondary electrodes are 
formed on different surfaces of the piezoelectric plate. 
Therefore, mounting and wiring operation of the 
transformer on a circuit board is complex. This results 
in large space for mounting the transformer on the 
circuit board and also in a high cost and large size of 
the circuit device. 
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Therefore, it is an object of the present 
invention to provide the piezoelectric transformer which 
has a simple structure of connection with an external 
circuit and is small sized. 

Disclosure of Invention 

The present invention provides a small-sized 
piezoelectric transformer with a connection lead 
structure mounted on one surface of the piezoelectric 
plate* The connection lead structure is for connecting 
the transformer with an external circuit with simple 
operation . 

According to the present invention, there is 
provided a piezoelectric transformer comprising a 
transformer element and a connection lead structure 
coupled to the transformer element for connecting the 
transformer element with an external circuit. The 
transformer element comprises: 

a rectangular plate made of a piezoelectric 
ceramic and having a first surface and side surfaces; 

at least one pair of primary electrodes provided 
to the rectangular plate for receiving a driving voltage 
as a primary voltage to drive vibration of the 
rectangular plate by the piezoelectric effect; 

input terminal electrodes formed on the 
rectangular plate partially exposed on the first surface 
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and connected to pair of electrodes, respectively; and 

at least one secondary electrode formed at a 
region of the rectangular plate where a voltage potential 
is generated by the vibration of the rectangular plate 
due to the piezoelectric effect, the secondary electrode 
having an output terminal electrode portion extending to 
expose on the first surface of the rectangular plate. 
The connection lead structure comprises: 
a flexible flat sheet of insulator material; and 
a plurality of conductor strips formed in the 
flat sheet and having connection portions partially 
exposed out of the flat sheet, the input and output 
terminal electrodes being mechanically and electrically 
connected to a corresponding one of the connection 
portions in the condition that the transformer element 
stands on the flat sheet with the first surface of the 
rectangular plate overlying the flat sheet. 

Other aspects, developments and modifications are 
described in the following description and appended 
claims . 

Brief Description of Drawings 

Pig. 1 is a perspective view of an example of a 
known piezoelectric transformer; 

Fig. 2 is a perspective view of another example 
of a known piezoelectric transformer; 
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Fig. 3 is a perspective view of another example 
of a known piezoelectric transformer; 

Fig. 4 is a diagrammatical view illustrating 
vibration of a piezoelectric plate; 

Fig. 5 is an exploded view of a piezoelectric 
transformer according to one embodiment of the present 
invention ; 

Fig. 6 is a sectional view taken along a line 6-6 
in Fig. 5; 

Fig. 7 is an exploded view of a piezoelectric 
transformer according to another embodiment of the 
present invention ; 

Fig. 8 is a sectional view taken along a line 8-8 
in Fig. 7; 

Fig. 9 is an exploded view of a piezoelectric 
transformer according to another embodiment of the 
present invention; 

Fig. 10 is an exploded view of a piezoelectric 
transformer according to another embodiment of the 
present invention; 

Fig. 11 is an exploded view of a piezoelectric 
transformer according to another embodiment of the 
present invention; 

Fig. 12 is a sectional view taken along a line 
12-12 in Fig. 11; 
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Figs. 13 through 15 are exploded views of 
piezoelectric transformers according to different 
embodiments of the present invention; 

Fig. 16 is an exploded view of a piezoelectric 
transformer according to another embodiment of the 
present invention; 

Fig. 17 is a sectional view taken along a line 
17-17 in Fig. 16; 

Fig. 18 is an exploded view of a piezoelectric 
transformer according to another embodiment of the 
present Invention; 

Fig. 19 is a sectional view taken along a line 
19-19 in Fig. 18; 

Fig. 20 is an exploded view of a piezoelectric 
transformer according to another embodiment of the 
present invention; 

Fig, 21 is a sectional view taken along a line 
21-21 in Fig. 20; 

Fig . 22 is an exploded view of a piezoelectric 
transformer according to another embodiment of the 
present invention; 

Fig. 23 is a sectional view taken along a line 
23-23 in Fig. 22; and 

Figs. 24-26 are exploded views of piezoelectric 
transformers according to different embodiments of the 
present invention. 
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Best Mode for Embodying the Invention 
Prior to description of best mode for carrying 
out the present invention, the prior art will be 
described with reference to Figs . 1 through 4 so as to 
facilitate the better understanding of the present 
invention. 

Referring to Fig. 1, a known piezoelectric 
transformer shown therein comprises a rectangular plate 
11 of a piezoelectric-ceramic material, a pair of primary 
electrodes 12a and 12b , and a secondary electrode 13 
formed on an end surface of the plate 11* 

As the piezoelectric-ceramic materials used in 
the piezoelectric transformer, there are known ceramics 
of Pb(FeNb) ZrTi0 3 type, Pb (MnSb) ZrTi0 3 type, 
Pb(MnNb) ZrTi0 3 type, Pb ( FeSb) ZrTi0 3 type, and the like. 
The primary electrodes 12a and 12b are formed on 
the opposite surfaces of a right half portion (as viewed 
in the figure) of the plate 11. The half portion of the 
plate 11 is polarized in the thickness direction as shown 
by an arrow. 

The piezoelectric-ceramic rectangular plate 11 
with the primary electrodes 12a and 12b is known as a 
piezoelectric vibrating element. In detail, when an AC 
voltage is applied across the pair of primary electrodes 
12a and 12b, the plate 11 vibrates with a wavelength 
equal to the length L of the plate 11 as shown in Fig. 4 
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where two waveforms A and B are shown as displacement 
distribution and a strain distribution of the plate, 
respectively. Vibration nodes and antinodes are 
alternately present at intervals of L/4 . The primary 
electrodes 12a and 12b are rather referred to as drive 
electrodes in the vibrating element. 

Returning to Pig. i, the other half portion of 
the plate 11 is polarized in the lengthwise direction as 
shown by another arrow. when the piezoelectric-ceramic 
Plate 11 vibrates, an AC voltage is resulted from the 
secondary electrode 13. Thus, when an AC voltage is 
applied to the primary electrodes 12a and 12b, a 
secondary output voltage is obtained from the secondary 
electrode 13. One of the primary electrodes 12a and 12b, 
for example, electrode 12b is used in common for the 
secondary side, that is, the secondary output is obtained 
across the primary electrode 12b and secondary electrode 



13 



In order to apply the primary voltage to the 
primary electrodes 12a and 12b, input lead wires 53a and 
52b are connected to the primary electrodes 12a and 12b 
at a vibration node, respectively, by soldering method. 
On the other hand, an output lead wire 53 is also 
connected to the secondary electrode 13 by soldering 
method. 
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There are also known other structures for 
connecting input leads and output lead to the primary 
electrodes 12a and 12b and the secondary electrode 13, 
respectively, as shown in Figs. 2 and 3. 

Referring to Fig. 2, elastic conductor ribbons 
54a and 54b and 55 are used in place of wires and are 
connected to the primary electrodes 12a and 12b and 
secondary electrode 13 by soldering method or pressure 
welding method. 

Referring to Fig. 3, a flexible flat cable 61 is 
used in place of the lead wires and elastic conductor 
ribbons. The flexible flat cable 61 comprises conductor 
strips 61a and 61b deposited or formed on a flexible 
plastic sheet 63 . End portions of conductor strips 61a 
and 61b are led out from the flexible plastic sheet 61 
and are connected to the primary electrodes 12a and 12b 
and secondary electrode 13 by soldering method or 
pressure welding. 

The piezoelectric transformer is formed small in 
size, especially, in thickness. Therefore, it is useful 
in an electronic circuit device which is integrated in a 
small size. However, the known structures are complex in 
connection of electrodes with leads and have disadvan- 
tages as described in the preamble. 

Now, best mode for carrying out the present 
invention will be described with reference to embodiments 
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shown In Pigs. 5 through 26. 

Referring to Pigs. 5 and 6, there is shown a 
piezoelectric transformer according to an embodiment of 
the present invention which comprises a transformer 
element 10 and a connection lead structure 18. The 
transformer element 10 has a structure which is similar 
to one as shown in Fig. 1 but has several differences. 
The similar portions are represented by the same 
reference symbols as in Fig. l. With respect to the 
differences, a plurality of pairs of primary electrodes 
12a and 12b are formed in the half portion of the 
piezoelectric-ceramic plate 1 1 as shown in Fig. 6. A 
pair of input terminal electrodes 12c and l2d are formed 
on opposite side surfaces of the half portion of the 
plate 11. One 12c of the input terminal electrodes are 
connected to the one electrodes 12a of paired primary 
electrodes, while the other 12d of the input terminal 
electrodes is connected to the other ones 12b of the 
paired primary electrodes. Further, an additional 
secondary electrode 13b is formed on the surface at the 
middle portion of the plate 11 in addition to the 
secondary electrode 13a formed on the end surface of the 
plate 11. This means that the output voltage can be 
obtained across the secondary electrodes 13a and 13b 
without one of the primary electrodes being used in 
common for the secondary side. The secondary electrodes 



1 0 



3NSD00ID: <WO__8743791A1J_> 



WO 97/43791 



PCT/JP97/01638 



13a and 13b extend onto the side surfaces of the plate to 
form small side electrodes as output terminal electrodes 
13c and 13d. 

The transformer element 10 is provided with the 
connection lead structure 18 which comprises a plurality 
of conductor strips 15 insulated by and covered with a 
flexible plastic sheet 16* The conductor strips 15 has 
connection pads 15a~15d exposed out of the plastic sheet 
for electrical and mechanical connection with the input 
and output terminal electrodes 12c and I2d and 13c and 
13d, respectively, by soldering method, when the 
transformer element is mounted on the connection lead 
structure 18. The connection lead structure 18 can be 
formed in a manner similar to a so-called flexible 
printed circuit (FPC) or a so-called flexible flat cable 
(FFC) . 

The connection lead structure 18 is also provided 
with terminal pads (as shown at black circles at right 
end of the structure 18 in the figure) of conductor 
strips 15 which can be easily connected with an external 
circuit . 

In use of the transformer with the connection 
lead structure, operation for mounting on a circuit board 
and connecting thereto or other circuit elements is 
readily carried out without troublesome of treatment of 
lead wires, 
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In an example, a transformer was formed by 
forming a plurality of rectangular green sheets of 
Piezoelectric ceramic, printing primary electrode 
patterns of Ad /Pd on the green sheets, stacking and 
sintering the green sheets to form a hard rectangular 
ceramic plate 11 with the primary electrodes 12a and 12b. 
Thereafter, the input terminal electrodes 12c and 12d, 
the secondary electrodes 13a and 13b with output terminal 
electrodes 13c and 13d are formed on the plate 11 by 
firing Ag paste. Then, an FPC was connected to the 
transformer as the connection lead structure 18 to form a 
sample of transformer with the connection lead structure. 
An input voltage of 20V was applied to the sample 
transformer through the PPC 18, and the output voltage 
and current and the temperature of the sample transformer 
were measured. The measured data are demonstrated in 
Table 1 together with the data measured relating to a 
transformer with lead wires shown in Fig. i. 

Table 1 





Lead Wire 


FPC 


Output Voltage (V) 


1380 


1367 


Output Current (mA) 


5 


5 


Temperature (V ) 


31 


33 



transformer with FPC according to the embodiment has 
properties similar to the known transformer of the lead 
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wire type* 

Further, the sample transformer was subjected to 
an aging test by use of the same input voltage. The 
output voltage and current and the temperature of the 
sample transformer were measured at start, after 500 
hours, and 1,000 hours. The measured date are shown in 
Table 2 . 



Table 2 



Aging Time (Hr) 


0 


500 


1000 


Output Voltage (V) 


1367 


1372 


1350 


Output Current (mA) 


5 


5 . 1 


5.0 


Temperature (X ) 


33 


34 


32 



It is confirmed from Table 2 that the sample 



transformer of the present invention does not degrade in 
its performances after use of 1000 hours and that the 
transformer with the FPC is therefore useful in actual 
application. 

Referring to Figs. 7 and 8, the transformer is 
similar to one of Figs. 5 and 6 except a modification 
where input terminal electrodes 12c and 12d and output, 
terminal electrodes 13c and 13d are extended from the 
side surfaces to the bottom surface (as viewed in the 
figure) of the plate 11 to form extended portions 12e, 
12f, 13e, and 13f, respectively, on the bottom surface. 
As a result, the terminal electrodes can readily and 
reliably be connected to the pads 15a-15d on the 
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connection lead structure 18 such as the FPC, as 
exemplarily shown relating to input terminals 12c-12e and 
12d-12f and pads 15a and 15b in Fig. 6. 

The extended portions 13e and 13f of output 
terminal electrodes 13d and 13c can be formed to 
laterally extend on the bottom surface over the width of 
the plate 11 as shown by dotted lines in Fig. 7. 

Referring to Fig. 9, the transformer with the 
connection lead structure is similar to that in Fig. 6 
but has a modification where one 12d-12f of the input 
terminal electrodes and one 13d-13e of output terminal 
electrodes are connected to a common conductive strip 15 
on the connection lead structure 18. Therefore, the 
common conductor strip has two pads exposed out of the 
plastic sheet 16. In this embodiment, one of the primary 
electrodes 12a and 12b and the secondary electrodes 13a 
and 13b are connected to an equal electric potential or 
grounded. 

Referring to Fig. 10, an insulating envelope or 
case is provided to the transformer with the connection 
lead structure of Figs. 5 and 6. The case is made of, 
for example, polycarbonate resin, and comprises an upper 
cover case 21a and a base case 21b with an open top. The 
base case 21b is formed with a side slit 21c in one end 
wall. Through the side slit 21c, the connection lead 
structure 18 is partially inserted in the base case 21b 
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so as to the pads 15a-15d are in the base case 21c. The 
transformer element 10 is inserted into the base case 21b 
through the open end and the input and output terminal 
electrodes 12c, 12d, 13d and 13c are electrically and 
mechanically connected to the pads 15a~15d on the 
connection lead structure 18 by the soldering method, as 
described in connection with Figs. 5 and 6. The upper 
cover case 21a is covered on the transformer element 10 
and coupled to the base case 21b. Thus, the transformer 
element 10 and connection potions of the element 10 with 
connection lead structure 18 are insulated* The upper 
cover case 21a is provided with rims or projections 21d 
on its inner surface which come into press contact with 
the transformer elements 10 at its vibration nodes to 
stationary hold the transformer element 10 in the case 
21a~21b. 



piezoelectric transformer device with a connection lead 
structure according to another embodiment of the present 
invention. The embodiment is similar to the embodiment 
shown in Fig. 10 except several differences. The similar 
parts are shown by the same reference symbols and 
description thereto are omitted. 



different from the element 10 in Fig. 10 in that the 
secondary electrodes 13a and 13b are formed on opposite 



Referring to Figs. 11 and 12, there is shown an 



In the embodiment, the transformer element 10* is 
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side surfaces of the rectangular plate 11. The 
transformer is based on the so called k 31 vibration mode. 
The secondary electrodes 13a and 13b extend to the bottom 
edges (in the figure) of the side surfaces and are 
exposed in the plane of the bottom surface of the 
rectangular plate 11 to form the output terminal 
electrode portions, which are mechanically and 
electrically connected to the connection portions or pads 
15a-15d of the conductor strips 15 of the FPC 18. 

An upper cover case 23 is resin-molded with four 
projections 23a-23d projecting downwardly to be coupled 
to the FPC 18 and a circuit board 22 as a base element. 

The FPC 18 has four through-holes 16a-16d in the 
vicinity of the pads 15a-15d through which the coupling 
projections 23a-23d pass. 

The circuit board 22 also has four coupling holes 
22a-22d to which the corresponding coupling projections 
23a-23d are fitted and fixed. Thus, the cover case 23 
and the circuit board 2 2 form an envelope of the 
transformer element 10 and FPC 18. it is preferable to 
use any adhering agent to fix the coupling projections to 
the circuit board at the coupling holes. 

The circuit board 22 has a wiring pattern to 
which the conductor strips 15 are connected. Thus, the 
transformer is readily mounted on and connected to the 
circuit board 22. 
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In the shown embodiment, the circuit board has 
circuit elements 20 thereon to form a circuit device such 
as an inverter power supply including the transformer. 

A sample of transformer of this embodiment was 
produced with a size of 40 x 6 x 1.5 (mm) of the plate 11 
and five pairs of internal primary electrodes in the 
similar manner as the embodiment is Fig* 5. The sample 
was subjected to similar tests for measuring 
performances. The measured data are shown in Table 3 and 
Table 4 ♦ 



Table 3 





Lead Wire 


PPC 


Output Voltage (V) 


14 10 


1407 


Output Current (mA) 


6 


6 


Temperature (°C ) 


33 


33 



Table 4 



Aging Time (Hr) 


0 


500 


1000 


Output Voltage (V) 


1409 


1420 


1415 


Output Current (mA) 


6 


6.1 


6 . 1 


Temperature (°C ) 


33 


34 


34 



The transformer of this embodiment can also 
maintain its performance for a long time without 
degradation* 

Referring to Pig. 13, the transformer of the 
another embodiment shown therein is similar to that shown 
in Figs- 11 and 12, An upper cover case 25 is resin 
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molded and four metallic pins 25a-25c are fixed to the 
cover case 25 to form the coupling projections. 

The through-holes l6a-16d are formed through the 
connection pads of the FPC 18 so that the metallic land 
portions 19 remain around the through-holes. The 
metallic pins 2 5a-25d are electrically connected to the 
conductor strips of the FPC 18 through the land portions 
19. Thus, the metallic coupling projections 25a-25d can 
be fixed to the FPC by the soldering method. 

The metallic pins 25a-25d may be formed at 
positions to enable to come into contact with the input 
and output terminal electrodes 12c, 12d, 13a and 13b, 
respectively. In the case, connection of the conductor 
strips 15 with the input and output terminal electrodes 
12c, 12d, 13a and 13b is enhanced by the metallic pins 
25a-25d. 

The embodiment of Fig. 14 is also similar to that 
shown in Fig. 13. In the embodiment, the circuit board 
22 is also provided with metallic land portions 19 around 
the coupling holes 22a-22d. Thus, the coupling 
projections 25a-25d can also fixed to the land portions 
by the soldering method. 

The embodiment of Fig. 15 is a modification of 
that of Fig. 14. The wiring pattern 26 on the circuit 
board 22 is formed to continue to the land portions 19 
thereon. Therefore, the connection pads on the FPC 18 
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can be connected to the wiring pattern on the circuit 
board 22 through the metallic coupling pins 25a-25d. 
Therefore r the conductors 15 of the FPC 18 are 
unnecessary to be extended to its edge* 

Another embodiment shown in Figs. 16 and 17 is 
also a modification of that of Fig- 15. In the modifica- 
tion, the input and the output terminal electrodes 13d 
and 13e are provided on the bottom surface of the 
rectangular plate 11. This enhances the connection of 
the input and output terminals with the connection pads 
like the embodiment shown in Figs. 7 and 8. 

Referring to Figs. 18 and 19, the embodiment 
shown therein is similar to that of Figs. 11 and 12. The 
FPC 18 has an opening 18* in the region other than 
regions corresponding to the vibration nodes and 
insulating said conductor strips 15. This enhances heat 
dissipation . 

A sample of transformer of this embodiment was 
produced with a size of 40 x 6 x 1.5 (mm) of the plate 11 
and five pairs of internal primary electrodes in the 
similar manner as the embodiment in Fig, 5. The sample 
was subjected to similar tests for measuring 
performances. The measured data are shown in Table 5 and 
Table 6. 



1 9 



BNSOOCID: <WO S743791A1J_> 



WO 97/43791 

PCT/JP97/01638 



Table 5 





Lead Wire 


FPC 


Output Voltage (V) 


1410 


1410 


Output Current (mA) 


6 


6 


Temperature (°C ) 


33 


33 



Table 6 



Aging Time (Hr) 


0 


500 


1000 


Output Voltage (V) 


1401 


1404 


1398 


Output Current (mA) 


6 


6.1 


6.0 


Temperature (°C ) 


33 


34 


33 



It will be understood that the heat dissipation 
is improved comparing with the embodiment of Figs. 11 and 
12 . 

Referring to Figs. 20 and 21, a modification of 
the embodiment of Figs. 18 and 19 is shown. The FPC 18 
has an enlarged opening 18' in comparison with that in 
Figs. 18 and 19. The conductor strips 15 are formed in 
zigzag forms and openings are further formed adjacent 
conductor strips as shown in the figure. 

The embodiment of Figs. 22 and 23 is a modifica- 
tion of Fig. 15. The FPC 18 is also provided with an 
opening 18' in the similar manner as in the embodiment of 
Pigs. 20 and 21. 

In the embodiment, the transformer element 10 is 
similar to that in the embodiment of Figs. 5 and 6. 
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Referring to Pig. 24, the embodiment shown 
therein is a modification of the embodiment of Figs. 20 
and 21. The through-holes 16a-16d of the FPC and the 
coupling holes 22a-22d are apart from the connection 
portions 15a-15c of the FPC 18 in a direction of a length 
of the rectangular plate 11, preferably more than 1/16 of 
the length of the rectangular plate 11. This results in 
that the cover case 23, FPC 18 and circuit board 22 are 
fixed together at positions apart from the connection 
points between the input and output terminals and the 
connection pads and near the vibration nodes. The 
conductor strips 15 and the wiring patterns 26 on the 
circuit board 22 are connected to each other through the 
through-holes . 

Figs. 25 and 26 show different modification of 
Fig. 24. Referring to Fig. 25, the connection portions 
15a r 15c and 15d are bent to project towards the 
rectangular plate 11 in an arcuate form. Thus, the 
connection portions are in press-contact with the input 
and output terminal electrodes. The connection 
therebetween is insured. 

In Fig. 25, the transformer element 10 is shown 
to have a similar primary and secondary electrode 
structure similar to that in Fig. 1. However, the input 
terminal electrodes 12c and 12d are provided to connect 
with the primary electrodes 12a and 12b, respectively. 
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The secondary electrode 13 provides the output terminal 

electrode portion at the lower end portion. 

In Fig. 26, the connection portions 15a-15d are 
formed in waveforms to insure the connection between the 
input and output terminal electrodes 12c, 12d, and 13 and 
the connection portions 15a-i5d. 

Industrial Applicability 

According to the present invention, the small- 
sized Piezoelectric transformer can be provided which is 
easy in various deal in assembling in an electric circuit 
device. Therefore, it can provide a small-sized 
electronic device with a reduced cost. 
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CLAIMS 

1. A piezoelectric transformer comprising a 
-transformer element and a connection lead structure 
coupled to said transformer element for connecting said 
transformer element with an external circuit, said 
transformer element comprising: 

a rectangular plate made of a piezoelectric 
ceramic and having a first surface and side surfaces; 

at least one pair of primary electrodes provided 
to said rectangular plate for receiving a driving voltage 
as a primary voltage to drive vibration of said 
rectangular plate by the piezoelectric effect; 

input terminal electrodes formed on said 
rectangular plate partially exposed on said first surface 
and connected to pair of electrodes, respectively; and 

at least one secondary electrode formed at a 
region of said rectangular plate where a voltage 
potential is generated by the vibration of said 
rectangular plate due to the piezoelectric effect, said 
secondary electrode having an output terminal electrode 
portion extending to expose on said first surface of said 
rectangular plate, 

and said connection lead structure comprising: 

a flexible flat sheet of insulator material; and 
a plurality of conductor strips formed in said 



2 3 



BNSDOCID: <WO_9743791A1J_> 



WO 97/43791 

PCT/JP97/01638 



flat sheet and having connection portions partially 
exposed out of the flat sheet, said input and output 
terminal electrodes being mechanically and electrically 
connected to corresponding one of said connection 
portions in the condition that said transformer element 
stands on said flat sheet with said first surface of said 
rectangular plate overlying said flat sheet. 

2. A piezoelectric transformer as claimed in 
claim 1, which further comprises an insulator envelope 
containing therein said transformer element together with 
said connection lead structure, a part of said connection 
lead structure extending out of said envelope for 
connection with said external circuit. 

3. A piezoelectric transformer as claimed in 
claim 2, said envelope comprises a base element and a 
cover element coupled to each other. 

4. A piezoelectric transformer as claimed in 
claim 3, the vibration of said rectangular plate having 
vibration nodes, wherein said cover element has 
projections on an inner surface, said projections being 
pressed onto the rectangular plate at positions 
corresponding to the vibration nodes to hold said 
transformer element stationary in said envelope. 

5. A piezoelectric transformer as claimed in 
claim 3, wherein said cover element has a plurality of 
coupling projections extending to said base element, said 
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flexible flat sheet has a plurality of through-holes 
receiving said coupling projections, and said base 
element has coupling holes receiving and fixedly coupled 
to said coupling projections, respectively. 

6. A piezoelectric transformer as claimed in 
claim 5, wherein said coupling projections are of the 
insulator material, said through-holes and said coupling 
holes are apart from said connection portions of said 
conductor strips in a direction of a length of said 
rectangular plate • 

7- A piezoelectric transformer as claimed in 
claim 6, wherein said through holes and said coupling 
holes are apart from said connection portions of said 
conductor strips by a distance more than 1/16 of a length 
of said rectangular plate. 

8. A piezoelectric transformer as claimed In 
claim 6, wherein said base element is an electrical 
circuit board having a wiring pattern to which said 
conductor strips are connected through said through- 
holes . 

9. A piezoelectric transformer as claimed in 
claim 5, wherein said coupling projections are of metal. 

10. A piezoelectric transformer as claimed in 
claim 9, wherein said through-holes are formed through 
said connection portions and said input and output 
terminal electrodes extend on said side surfaces of said 
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rectangular plate and are in contact with said coupling 
projections . 

11. A piezoelectric transformer as claimed in 
claim 9 , wherein said base element is an electrical 
circuit board having a wiring pattern to which said 
conductor strips are connected . 

12 . A piezoelectric transformer as claimed in 
claim 11, wherein said electrical circuit board has 
conductive land portions in which said coupling holes are 
formed . 

13* A piezoelectric transformer as claimed in 
claim 1 1 , wherein said coupling holes are formed in said 
wiring pattern to thereby connect said conductor strips 
with said wiring pattern through said coupling 
projection . 

14. A piezoelectric transformer as claimed in 
any one of claims 6 through 13, the vibration of said 
rectangular plate having vibration nodes, wherein said 
flat sheet has at least one opening in the region other 
than regions corresponding to said vibration nodes and 
insulating said conductor strips - 

15. A piezoelectric transformer as claimed in 
claim 14 , wherein said connection portions project 
towards said rectangular plate to be thereby in press 
contact with said input and output terminal electrodes. 
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16. A piezoelectric transformer as claimed in 
claim 15 , wherein each of said connection portions is 
bent In an arcuate form together with said flat sheet* 

17. A piezoelectric transformer as claimed in 
claim 15 , wherein each of said connection portions is 
bent in a wave form together with said flat sheet. 
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